Renovation projects require multidisciplinary design teams and specialist contractors to successfully complete the design and construction work. Designers undertake renovation specific design processes and make numerous design decisions throughout the course of a project based on the design information of the building product model. This information relates to the existing physical structure of the building, its environment and its intended use and design specification. This paper specifies an integrated software environment to manage such design information and to support the design team in decision-making. The decision making of the structural engineer is primarily addressed with a multidisciplinary collaborative viewpoint towards the design solution. The paper specifies a case-based design tool that supports the decision-making process associated with renovation practice and a high-level object model is presented for the support tool.
Introduction
Research work carried out at the department Civil and Environmental Engineering, University College Cork, Ireland has developed a requirements specification for an integrated information technology (IT) framework for building refurbishment projects. The initial specification identified the need for an integrated set of software tools for decision support in building renovation design, project management and construction (Whelton et al. 1998) . The initial research has been further extended to incorporate new collaborative design methodologies, process analysis and modeling techniques, and new information technologies.
The overall objective of this research is to improve decision-making in the renovation process and to facilitate information and knowledge management through the use of a range of IT applications. The software system functionality is specified so as to allow designers to access information from current projects and also previous project design cases. The system is specified for engineering solutions while also catering for collaborative design issues relating to the engineering solution. The data and information is specific to the design process and the building product model, which are both addressed in this paper. This paper outlines the background to the research project in terms of industry requirements, system architecture and functionality. The paper in particular focuses on the specification of a case-based design support tool. The background to case-based reasoning is outlined and the recent developments in case-based design systems for the building industry are briefly reviewed. The paper looks at the potential benefits for the renovation industry for using cased-based support. A system architecture is specified and explained. The paper concludes by outlining the research objectives for the ongoing work.
Research Background
As building stocks age and new uses are found for existing structures, new skills and demands are required of the building industry to develop modern facilities for the user while maintaining and without compromising the integrity of the existing structure. Designing with existing structures requires specialized knowledge and experience. The demands on an aging structure to conform to modern day design standards and user functional requirements can be challenging to the designers. A close collaborative relationship between designers is necessary for successful project design, construction and completion.
Conservation laws and policies can restrict the design philosophies and the choice of design solutions and construction methods for a renovation project. The level of design information required for a sizeable renovation project can be substantial. Mainstream design and construction information is generally held in construction documents e.g. drawings and specifications. This may lead to the loss and interpretation of information especially in sizeable projects. There is a need to provide data and information that is not stored entirely in design documents. Construction projects can benefit by using a range of IT applications that provide different types of information specific to that user's needs and requirements (Whelton et al., 1998) .
The level of design information required for a refurbishment project can be substantial depending on the project size, scope, and duration. Numerous designers and specialty contractors are employed throughout the course of a renovation project. The associated design and construction processes require an organizational structure and information infrastructure capable of storing, transmitting, and supporting data, information, and design knowledge at the various project stages. Generic CAD systems, document management systems, and collaboration tools are currently being developed for general-purpose use on construction projects. These tools are taking advantage of Internet technology and are addressing the complex issues of document management and project collaboration.
Renovation projects equally require the support of these technologies and while these tools are capable of supporting design and construction practice, this research proposes an integrated information framework. This IT specification proposes the use of general purpose IT tools and the specification of design knowledge representation and management tools and decision support technology. Figure 1 illustrates the various applications. The underlying support system is a distributed database that supports the various applications.
Infrastructure Specification
The main functional objectives of this specification are: 1. Re-engineer existing structural appraisal design and management work processes using developing information technologies. 2. To provide a framework for data, information and document management for renovation projects; 3. To provide facilities that will enhance collaborative design and decision making; 4. To improve communications amongst design teams; 5. To take advantage of developing modern IT systems that can provide the necessary functionality for the industry; 6. To analyse and model the IT system with respect to industry design and construction work practices/processes and their associated data, information and knowledge; 7. To develop the proposed software using standard software engineering methodologies, development tools, and IT infrastructure.
The system comprises a main database designed to manage renovation type data, information, knowledge and construction documents. This database will integrate with CAD tools, GIS tools, project management tools, and the Internet. A Computer-Aided Instruction tool is also specified to provide expert guidance in renovation practice and finally, by means of providing decision support, a Case-Based Design system is specified to aid the engineer with design issues by accessing previous design experience within a case-base.
Designers can access various applications e.g. consulting the GIS application may provide the user with spatial information relating to a building environment. The multimedia may be consulted on design procedures and standards. The online project recording application maybe used to view and update design data and information. The case-base maybe used to retrieve similar design cases specific to renovation problems. Applications may also be developed for structural evaluation and analysis techniques. The main research focuses on the case-based support tool and the associated process models and data models, which will be mapped and used in the underlying database. The design will generate object models that enable the Recording app., the MMIS app., the GIS app. and the case-base tool to act independently with the database. The applications will link to various design output software e.g. CAD files. The software development is applying the unified software development process to develop the applications, which adopts object-oriented methods (Jacobson, 1999) . structure; the influence of space constraints due to the existing design; the integration of modern facilities, t he restriction of conservation laws and policies; structural requirements and remedial works and the adaptation of modern building codes with the existing design. These design constraints can cause many changes to an original design as the project progresses. It is vital that designers are aware of the issues at hand. Therefore a system that facilitates effective design coordination between designers is necessary, at the design phases of the project in particular.
How can IT assist in design decision support?
IT has been used primarily for the storage of transmission of data and information. By analyzing the design process undertaken by designers and mapping the decision analysis process carried out on building product object model, one can develop a support tool. This support tool can be developed using the case-based reasoning methodology. Case-based representation of design allows designers to access relevant information pertaining to their current design problem. Information can be extracted from the case-base at various stages of the design process enabling the user to view and understand the design problem at hand. The cases can be structured so as to provide various levels of detail to the subject matter. The designer/user must be given a clear understanding of the case background and the context in which it is relevant to the case at hand.
The advantage of representing design knowledge in a case-base is that valuable experience can be captured for future use. The challenge is how to represent relevant information that can be integrated in the work environment of the users/designers. The difficulty lies with the existing information systems used by the designers and how relevant data can be extracted from design documents. How does one represent a case problem/solution that has knowledge relevant to a multidisciplinary team? Once the knowledge is captured, what forms of storage and representation are suited to the users needs? What are the mechanisms for re-using the information and how re-usable is the information in the case-base? In order to try and address these questions, one must look at the area of case-based reasoning and the developments in the building industry that have attempted to use the case-based reasoning methodology.
Case-Based Reasoning Techniques
A formal definition of case-based reasoning is as follows: "A case-based reasoner solves new problems by adapting solutions that were used to solve old problems" (Riesbeck et al. 1989) . CBR is a cycle that specifies a set of principles, which guide actions. A CBR System must retrieve cases from a case library and in some way assess the similarity of cases in the library to the current problem description. A CBR System should attempt to reuse the solution suggested by a retrieved case with or without revision and finally a CBR System should seek to increase its knowledge by retaining the new cases (Watson, 1997) . From the research undertaken in CBR systems, there are numerous applications developed in the area of building construction. Marir et al., 1995 have developed a system applied to building defect diagnosis, cost estimation and decision support in building refurbishment. Other more recent developments include the SEED-Config: a design environment for conceptual building design that incorporates case-based reasoning capabilities (Rivard et al., 1998) and the development of a case-based integrated construction planner within the OSCON tool (Kawooya et al., 1998) .
Developing a case-based support tool for Renovation Practice.
The objective of this research is to develop an object model that represents the knowledge associated with the renovation design processes and the building product model. The principal objective is to develop an object model that principally focuses on engineering design solutions, and also incorporate multidisciplinary design knowledge that is relevant to one or more designers.
As stated previously renovation practice brings much uncertainty with the design phases. The designer is not only constrained by the standard design criteria associated with new construction, but he/she has to design for the many constraints that are evident with existing structures. Designing for renovation can be a complex domain. In order to specify a case-based support tool, an analysis of the design process, the flow of information between designers, the types of design information and knowledge associated with the building product model must be understood.
What is the function of the case-based support tool? The purpose of the tool is to allow designers to access design knowledge and information on relevant problems that occur in the renovation design process. The tool should provide support to decision making, in particular at the conceptual study and design stages. Here planning for investigations, preliminary conceptual designs are developed and by accessing the case-base, unforeseen problems can be planned for. The goal is to solve design related issues earlier in the design phase so that adequate planning, cost analysis and scheduling can be accounted for and project overruns and delays can be avoided later in the project. Figure 2 shows the outline architecture for the case-based support tool. The design process model will be integrated with the building product model, which also incorporates a collaborative model for multidisciplinary designers. Figure 2 illustrates a high-level object model of the proposed system.
By developing a case-base specific to structural appraisal, design experience is provided in the areas of building types, functions, material types & properties, structural forms and behavior, structural failure, evaluation criteria, design solutions, cost solutions, project management issues and collaborative design issues (See Figure  2) .
Companies involved in renovation work can concentrate resources, expertise, engineering and management processes within this information system, and thus improve design productivity and decision-making operations. By developing the system to enlarge the data and knowledge bases of the system, a company's experience becomes more resourceful and accessible to design teams. Previous experiences are documented and are available for analysis. Using multimedia information systems for renovation practice will provide design teams with necessary visual tools to carry out their design work. The use of maps, CAD drawings, photographs and other graphical images are necessary for all construction design projects, but in particular, when working with existing structures.
Figure 2 High Level Object Model of the Proposed Case-Based Support System for Structural Appraisal and Renovation Design Further Development
The overall system architecture combines the latest information technologies with design management principles and decision support features. The case-based decision support tool is specified to provide collaborative assistance to designers by providing a multi-level view to a design problem/solution. The current research is investigating the Design Collaboration renovation industry in terms of the design process, flow of information, decisionmaking stages and product modeling. The research methodology is using industry case studies, and documentation to develop the industry models. The further work proposes to develop an object model that is representative of an industry standard, and that can be utilized as the main database model to underlie the various applications as illustrated in Figure 1 .
Conclusions
This paper has specified a range of IT applications that support the renovation industry's design and management practice. The research addresses design process analysis and modeling and the integration of the most recent information technologies and methodologies. Decision making in design practice requires further analysis, and in particular the renovation industry. The use of computers to support decision making through the representation of design data, information and knowledge in various media has useful potential. The challenge presented is how to design applications that capture the required information for the decision-maker and then how to allow the user to re-use that information. This research project intends to provide a software prototype of the case-based support tool. The tool will test design problem/solutions and determine the effectiveness of the support functions.
